Iceland is located in the North Atlantic ocean, barely south of the Polar Circle.
Its area is 103,000 km2. The country was settled by Norwegians and their Celtic slaves. The first settlers arrived in 874 A.D. and, with the exception of a few Irish monks, men had not previously inhabited the island. The present population of about 200,000 inhabitants is located in the coastal areas, while the Highlands are uninhabited. About 40% of the population lives in the capital Reykjavik.
The principal industries of the country are fishing, agriculture, and various manufacturing and service industries. At present about 14% of the population is supported by agriculture.
There are approximately 5,300 farms in the coantry, most of which are combined dairy and sheep farms. Grass is the main crop in Iceland as the short growing season limits even the growth of grains such as barley and oats. The present area of cultivated pastures is about 100,000 ha.
Prior to settlement there were probably no such herbivores in Iceland as rodents, large mammals, nor important insects. Geese probably were the only important native herbivores.
The livestock which the settlers brought with them were the first large herbivores in Iceland.
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natural rangelands have been the main source of grazing for lives tack. For many centuries after settlement possibilities for haymaking were limited. The Lowland ranges were used for grazing yearlong while the Highland rangelands (above 300 to 400 m) were grazed only in the summer.
During recent decades feeding and management of the livestock has greatly improved.
Most livestock are now fed indoors for six to seven months during the winter. Dairy cows graze in the summer almost entirely on cultivated pastures, and sheep and horses graze the native rangeland.
Due to increased number of sheep, the use of cultivated pastures has not resulted in reduced grazing pressure on the rangelands during the summer, although it is becoming a more common practice that the lambs are fattened on cultivated pastures two to four weeks prior to slaughtering (Palsson and Sveinsson, 1952; Palsson and Gunnarsson, 196 1) . In the perio,d June to September most of the sheep and a great number of the unbroken horses graze on mountain ranges where they roam freely in large grazing districts or commons.
Physical

Characteristics
Climate
The climate in Iceland is cold temperate, moist, and oceanic and is characterized by frequent and 86 changing winds. The summers are cool and the winters are relatively warm. There are, holwever, considerable differences regionally. Table 1 shows the mean temperature and precipitation of the growing season (May to September) and the winter for 1940 to 1960 at six Lowland stations and for 1966 to 1969 at one Highland station (see also Fig. 1 ). The data show that, in particular, the winters are colder in north than south Iceland and that the precipitation is greatest in south Iceland. Although the short and cold summers are the main limiting factors for plant gro'wth in most parts of the co'untry, there is evidence to suggest that in some parts the low precipitation is equally limiting.
The severe conditions for plant growth are illustrated by the temperatures at a 600 m elevation Highland weather station.
Since the time of settlement there have been occasional serious cold spells, which have lasted over a period of years. The coldest of these have been caused by drift ice which sometimes is carried from the Arctic to the northern coastline of Iceland by currents and winds. In this century, however, this has rarely happened, and the glaciers have been continuously receding in arctic and subarctic regions. In Iceland air temperatures have been a little higher during the past decade than the normals from 1901 to 1930.
Geology
Geologically, Iceland is a young country.
It contains two major geological formations, the Basalt and the Palagonite formations. The first dates back to the Tertiary period and consists largely of basaltic lava sheets. This formation, which occupies the central zone of the country, is comparatively watertight. The Palagonite formation is younger, partly a mixture of subglacial and subaerial eruptives and partly consisting of glacial, fluvial, and aeolian deposits. With time this mixture has been hardened A simple yet practical classification of Icelandic soils, is into dryland soils (well-drained) and wetland soils (poorly-drained) (Helgason, 1966; Johannesson, 1960 ported into the bogs from erosion. These soila cover about 407" of vegetated land in Iceland.
The pH of the well-drained soils ranges from 5.5 to G.5 and of the poorly-drained soils from 4.5 to 5.5 (Jhhannesson, 1960) . Hummocks caused by frost heaving are characteristic for almost all soil types in Iceland, while they are most prominent on poorly-drained soils.
The Vegetation Previous Vegetation and Soil Erosion
When the first settlers arrived probably about GO% 01 Iceland's surface was covered with vegetation (Einarsson, 1962; Thorsteinsson et al., 1969) .
Some 12,000 years had passed since the end of the last glaciation period and during that time the vegetation had developed without human or herbivore influence.
It can be expected to have been largely in balance with the prevailing growth conditions (Thorsteinsson, 1963; Thorsteinsson and Steindbrsson, 1967) . Pollen analysis studies (Einarsson, 1962 (Einarsson, , 1963 ) have revealed that the vegetation at the time of settlement was greatly different from the present. This is also indicated by old sagas dating to the 10th and 11th century.
On large areas in the lowlands the welldrained soils were then dominated by low growing birch (Bet~lla puhcscens) with luxuriant undergrowth of forbs, grassa, and browse (Fig. 2) . The poorly-drained soils were dominated by sedges with scattered birches.
TVith settlement through combined effects of uncontrolled graring of livestock, cutting, burning, and other means of removing the trees, in only 300 to 400 years the forests were reduced to their present level, now covering only about 1% of the country (Hjarnason, 1942 : Einar,son, 1962 Thorarinsson, 19Gl ).
The destruction of the tree cover and intensive land use rexdted in the start of soil erosion surpassed in intensity only in a few countries of the world (Fig. 3) . The low-growing vegetation which succeeded the trees in dominance was, in many instances, unable to bind and protect the loose soils against the ever-blowing winds in Iceland. This was especially the case in the Highlands.
Erosion increased with prolonged intensive grazing through the renturies, and it was accelerated by ash-[all from volcanic eruptions and periodic cold spells. At present about only 20 to 25% of the country is covered by soil and vegetation. between 300 and 600 m above sea level 252 species of fanerogams have been found, above 600 m 186 species, above 800 m 90 species, and above 1,000 m 38 species.
The proportion of trees and annuals decreases with elevation while low-growing browse and arctic species increase (Table 4) .
Thus, in the course of nearly 1,100 years, an area corresponding to 30 to 40y0 of the total area of the country which formerly was vegetated has become denuded through erosion.
Wind has been the most effective erosive force, al though considerable water erosion has also taken place (Lig, 1955 
Present Vegetation
The catastrophic effects of the settlement on the vegetation described here were not only confined to erosion.
They also resulted in great changes in the botanical composition of many of the most extensive plant communities.
The most striking feature of the present vegetation is the abscence of trees.
Well The ability of the cows to consume hay is great, and it is not uncommon that a cow eats 10 to 15 kg good quality hay per day. In recent decades the use of concentrates has increased greatly, and due to this and work in animal breeding the average milk yield has increased steadily (Table   5 ). Dairy production is mainly in south, southwest, and north Iceland.
The Icelandic horses are of the pony type. The height at the withers is about 140 cm and the average weight 370 to 390 kg. For centuries the horse was the only means of transport in Iceland as few roads were built until this century. Due to decrease in the number of farms and mechanization of agriculture, the number of horses has greatly decreased.
Sheep raising, which is co,mmon throughout the country, is mainly for mutton production while the wool is of minor importance.
The ewes weigh about 50 to 60 kg and the rams about 100 kg. Improved winter feeding, management, and breeding work has not resulted in the expected increase in lamb carcass weight. This is in part due to prolonged overgrazing of the summer rangelands.
The production per ewe has, however, increased, especially the last 20 years (Table  6 ). This is due to higher fertility which is now 1.3 lamb per ewe.
Carrying
Capacity and Present Use of the Rangelands
The most extensive plant com- P&ursson. Table 7 shows the annual herbage production of some common plant colmmunities in Iceland, giving averages of samples from 1961 to 1966. The table also shows the carrying capacity of these communities in the period May to September. In calculating this it is considered "proper use" when 40y0 of the weight of the most palatable species has been removed at the end of the grazing season.
Yield
The carrying capacity of the Highland rangelands, which provide summer grazing for most of the sheep, varies from 0.5 to 1.6 ha/ewe/ month. There is less information available on the Lowland rangelands, but their carrying capacity is somewhat higher.
The Highlands of Iceland are divided into grazing commons by drift fences and natural barriers to livestolck movement such as rivers, glaciers, and steep mountains. Each common is utilized by animals from a particular group of farms in the Lowland. In the past the number of animals in a given common has only rarely been regulated, and the sheep and horses are not herded in the commons.
Through range research it has become established that extensive overgrazing of the rangelands is taking place in Iceland (Fig. 4) . At the same time as the area of vegetated land has been decreasing, the number of livestock, other than horses, has increased, and now available herbage in the summer is the limiting factor in the animal production.
Overgrazing is most severe in the heavier populated districts in the south and southwestern parts of the country, while there are considerable unused range resources in remote areas (Fig. 4) . The overgrazing is not only caused by too many animals compared with available herbage but also by uneven distribution of the sheep. The palatable species on the welldrained soils, which are most sensitive to overgrazing, will be grazed ICELANDIC RANGES based on range survey informat<on.
to ground level before the vegetation of the poorly-drained soils are grazed to any extent. Combined grazing of cattle and sheep could secure more even grazing, as the coarse herbage of the poorlydrained soils would probably be well suited for cattle grazing. But there are less than 500 beef cattle in Iceland.
Range Management and Research
Range Improvement
It is evident that there is urgent need for land reclamation and range improvement in Iceland. Only 25y0 of the country is covered with vegetation, much of which does noIt provide adequate protection against soil erosion and has low carrying capacity.
Grazing restrictions have not, until recently, been common in Iceland, as the problem of overgrazing was noIt recognized. However, in areas which have been protected for reclamation purposes or as parks, the vegetation has gradually changed in botanical composition and density. Palatable grasses and forbs as well as the native birch and willows have increased, clearly indicating the nature of the climax or potential natural vegetation.
These changes are slow, however, compared to those in countries with more favorable growth conditions. Poorly-drained soils cover approximately 8 to 10% of the total area of the country. The vegetation on these soils is of little value for grazing due to unpalatable species and wet surface. When drained, however, the botanical compolsition changes from sedge dominance to grassland in the course of 2 toI 4 years and results in rangelands with high carrying capacity and excellent land for cultivation.
The annual land drainage in Iceland has amounted to approximately 5,000 hectares each of the last five years. This might prove to be the most economic way to reduce the grazing pressure on the more erodible land.
Prolonged overgrazing has left the soil impoverished, and fertilization of the rangelands results in rapid, extensive changes of the vegetation in much the same direc-91 tion as does protection. Grasses become dominant and plant density increases. Generally, an annual application of 70 kg nitrogen and 70 kg phosphate per hectare for two successive years has proved sufficient for a satisfactory change in the botanical composition (Thorsteinsson and Sigurbjornsson, 1961) . As yet it is somewhat uncertain how stable these changes are, and if it is possible to maintain without further fertilization the new composition and increased herbage yield under proped grazing. Aerial application of fertilizers on rangelands was initiated some years ago by the Icelandic Soil Conservation Service. This method is especially suitable for the hummocky surface in Iceland and much of the Highlands due to their inaccessibility to machinery.
In plant communities where woody species dominate, fertilization alone has not been sufficient to markedly change the botanical composition. In such cases application of mixture of 2,4-D and 2,4,5-T has been very efficient in killing the woody species (Thorsteinsson and Gudnasoa, 1964) .
Legislation on soil conservation in Iceland dates back to 1907. There are now two public institutions concerned with this work, the Soil Conservation Service and the Forestry Service. The former has been concerned primarily with pro+ tection and reclamation of denuded areas and sand dunes, while the main objectives of the Forestry Service are protection of the remaining forested areas and reforestation with native and imported tree species. 
